Over the 4 billion years of biological evolution on Earth, only recently has a biological species been able to synthesize chemicals artificially, consume them, then discard the residuals as waste onto land, oftentimes with little or no treatment and without much understanding of its impact on the ecosystem that has supported evolution so far. That species is us, human beings. The database maintained by the Chemical Abstract Service (CAS) Registry (www.cas.org) informs us that more than 33 million organic and inorganic substances are currently being synthesized, and, on an average, approximately 4000 new substances are added to this list every day. Unfortunately, little information is available regarding the potential hazards associated with many of these chemicals. The only saving factor is that many of these chemicals are not released into the environment; but we do need to be concerned about the persistent organic pollutants (POPs) associated with high production volume industrial chemicals. According to an estimate published by the European Inventory of Existing Commercial Chemical Substances an average of 100 000 substances are of environmental importance. Again, among these 100 000 substances the toxicological characteristics of only about 10% are understood, based on test results on experimental animals.
Thus, very little is known about the environmental impacts associated with a range of persistent, bioaccumulative toxic pollutants. Klaus Toepfer, Executive Director of the United Nations Environment Programme, has characterized POPs as chemicals that are 'toxic, very long-lasting, persistent and endanger the well-being of our planet and all living beings'. He further states that, 'only decades ago, most of the 12 POPs targeted for international action under the treaty (Stockholm Convention: www. pops.int) being negotiated did not exist, and now they are in the air, water, soil around the planet and in us all, and they last for generations'.
POPs can be categorized into those intentionally produced chemicals currently or once used in agriculture, disease control, manufacturing or industrial processes. This includes the controversial dichlorodiphenyltrichloroethane (DDT), which, although banned in most countries, is still used to control mosquitoes that carry malaria in some parts of the world, including India. Another category of POPs contains the unintentionally produced chemicals that result from industrial processes and from combustion; for example, dioxins from improper incineration and open burning of waste.
Usually, the persistence of POPs in water or soils is of the order of weeks to years. However, some evidence indicates that polychlorinated dibenzo-p-dioxins/polychlorinated dibenzofurans (PCDD/PCDFs) and polychlorinated naphthalenes (PCNs) could be stable for over a century. Outlasting all these POPs are perchlorinated organics for which there are no naturally occurring degradation mechanisms under normal conditions (these chemicals are sometimes referred to as 'eternal toxins'). Among the dioxins, 2378-TCDD is considered the most toxic and toxicity equivalent factors for the stereoisomers of 2378-TCDD are derived biochemically and relative risk (toxic potential) is calculated. It is disturbing to know that all these compounds are or might be present in the waste streams from industrial, commercial, and residential activities, and as a consequence, the quantities of POPs in municipal solid waste landfills are increasing. Thus waste disposal practices can become a cumulative secondary source of POP pollution through uncontrolled landfilling and/or open burning, which still occur in developing countries where suitable regulations and associated enforcement programmes are not yet in place. POPs that are present in the leachate will cause pollution of surface and ground water if there are no proper run-on and run-off controls and/or liner and leachate collection and treatment systems. Fortunately, modern sanitary landfills are engineered and operated to reduce if not wholly eliminate the chance of emissions to groundwater, surface water and the atmosphere. Environmental release of these chemicals occur from their direct commercial/ agricultural use, from secondary sources such as waste landfills, large water reservoirs (e.g. the Great Lakes) and eventually detected in pristine polar regions, high altitude lakes, oceanic deep waters, estuaries and mangroves. That justifies Klaus Toepfer's statement that POPs are detected in the air, water, soil around the planet and in us all. Hence, it is imperative that waste management concerns include these toxic chemicals.
The problem of POPs from improper waste management is more acute in developing countries and those with economies in transition who can not afford a controlled landfilling, incineration, or other advanced (and usually costly) waste treatment technologies. Indian cities alone generate more than 100 million tonnes of solid waste a year. Street corners are piled with trash. Public places and pavements are despoiled with filth and litter, and rivers and canals serve as garbage dumps. Similarly, over 80% of waste generated in China is landfilled in a variety of ways. Over 5% of the landfills in China are sanitary landfills conforming to US standards, nearly 40% are landfills that do not conform to such standards, and over 50% are open dumps. The total amount of existing solid waste in China is currently more than 5.44 billion tonnes, occupying over 50 000 ha.
An additional point to consider here is trans-country movement of waste, usually from industrially developed countries to economically poor nations. It has been the practice to send plastic waste materials to countries where they are burned in winter times as a
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Editorial heat source. It is likely that this practice will eventually increase the dioxin load to the environment. E-waste which is a documented source of POPs should be of concern to global waste managers.
An estimated 30 million litres of transformer oil containing polychlorinated biphenyls (PCBs) arising from 20 500 transformers in factories and commercial centres need to be treated in Malaysia, a fast developing economy. Unless steps are taken to ensure that this large quantity of waste is sent to the widely used hazardous waste incinerator in Malaysia at Kualiti Alam in Bukit Nanas, for proper disposal, it is likely that this hazardous waste will ultimately end up in the 171 dumpsites (closed and open) and threaten the public health with PCB contamination.
POPs can disrupt endocrine systems, suppress immune system functions and induce reproductive and developmental changes. Considering the bioaccumulative nature of these chemicals, organisms at the top of the food chains, including humans, usually accumulate the highest body burden over their lifetime. People are mainly exposed to POPs through contaminated foods.
Less common exposure routes include drinking contaminated water and direct contact with the chemicals. The evidence of detrimental effects on wildlife populations of some POPs demonstrates the threat to biodiversity, and the potential for disruption at the ecosystem level.
Although the influence of climate change on the global redistribution of POPs is not fully understood, it is likely that rapid trans-hemispheric and trans-oceanic movement of POPs in a warmer world enhanced by wetter tropics where most of the global development occurs is predictable. Apart from the natural perils that some predict due to greenhouse effects (melting glaciers, more frequent typhoons, etc.) man-made disorders of a chronic nature from improper waste management need to be addressed. The message is pretty clear that unless humans apply their intelligence to prevent disasters in advance, chemical pollution could ultimately ruin our habitats, as we are the only species making persistent waste materials and doing so at alarming rates.
